Fusarium semitectum was isolated at high frequency from collected banana cultivar "Williams" showing crown rot symptoms from commercial markets. The inhibitory effect in vitro of tested essential oils on mycelium growth was higher than on conidium germination of F. semitectum. Complete inhibition of fungal growth and spore germination was recorded at the concentration of 1.0% of tested cinnamon and bitter almond oils. Under storage conditions, artificially inoculated bananas showed reduction in both crown rot disease incidence and severity when treated with cinnamon, thyme bitter and sweet almond oils. Complete reduction (100.0%) of crown rot disease incidence of banana fruits was recorded at the concentration of 4.0% of applied cinnamon and thyme oils, followed by sweet almond and bitter almond oils which they reduced disease incidence by 87.1 and 78.7%, respectively. Stored bananas treated with cinnamon, bitter and sweet almond oils showed no significant differences compared to the control with respect to odour, flavour, taste and overall acceptability. Hence cinnamon, thyme, bitter and sweet almond oils treatment developed during the current study without affecting the organoleptic properties recommended as a safe and cost-effective commercial method for treating bananas to control crown rot disease.
2 pedicels of the fingers. After severe infections, whitish fungal mycelia and reproductive bodies appear on the rotted crown, finger stalks and finally on the fingers (Griffee & Burden 1976) .
Application of systemic fungicides is the most common practice for commercial control of banana crown rot (Shillingford 1976 , Cox 1996 , Lassois et al. 2008 . Although synthetic fungicides have provided effective control of major postharvest diseases, their application may be harmful to human health and the environment and they become ineffective after prolonged use. Attempts have been made towards crown rot control through cultural, physical and biological (Lassois et al. 2008) methods as an alternative to synthetic fungicides (Dionisio & Natsuaki 2007) . One of such alternative is the use of natural plant protectants with pesticide activity, as well as they tend to have low mammalian toxicity, less environmental effects and wide public acceptance (Paster et al. 1995 , Don-Pedro 1996 , Liu & Ho 1999 , Hamilton-Kemp et al. 2000 , Paranagama et al. 2002 , Ranasinghe et al. 2005 . Essential oils are complex volatile compounds produced indifferent plant parts, which are known to have various functions in plants including conferring pest and disease resistance (Goubran & Holmes 1993) . The complexity in essential oils is due to terpene hydrocarbons as well as their oxygenated derivatives, such as alcohols, aldehydes, ketones, acids and esters (Wijesekara et al. 1997) . Previous research trials indicated that the essential oil of Ocimum basilicum oil (basil oil) was fungicidal against the banana crown rot fungal pathogens -Colletotrichum musae, Fusarium proliferatum and Lasiodiplodia theobromae at a low concentration 0.08% (v/v) (Anthony et al, 2004 ). An emulsion spray of Indian sweet basil oil (Ocimum basilicum) when used at 0.16% (v/v) was effective in controlling crown rot of Embul banana without adversely affecting the organoleptic and physicochemical properties (Anthony et al. 2003) . Cinnamon and clove essential oil could be used as alternative post-harvest treatments on banana. Banana treated with essential oil is chemically safe and acceptable to consumers (Ranasinghe et al. 2002) .
Essential oils of Cinnamomum zeylanicum (cinnamon), Menthapiperita (peppermint), Ocimumbasilicum (basil), Origanum vulgare (origanum), teloxysambrosioides (the flavoring herb epazote), Syzygium aromaticum (clove), and Thymus vulgaris (thyme) caused a total inhibition of fungal development on maize kernels (Montes-Belmont & Carvajal 1998) .
Post-harvest treatments using essential oils may have relatively high acceptance, especially by consumers in Egypt because of consumer preference for the use of natural plant products rather than synthetic fungicides to control decay. The objective of the present study was to determine whether the commercial essential oils of cinnamon, thyme, bitter and sweet almond had any activity against the fungi causing crown rot disease of Williams bananas and, if so, to develop cost-effective and safe sprays could control post-harvest disease incidence, without adversely altering its organoleptic properties such as taste, odor and flavour.
Materials and Methods

Source of materials
Mature green apparently healthy Banana fruits (Musa acuminataL.) cultivar "Williams" of uniform sizes collected from different orchards located at Giza, Qualubia, Monifia and Behiera governorates were used for the experiments described in this work.
Commercial essential oils of cinnamon (a.i. cinnamic, aldehyde, 70-85%), thyme (a.i. thymol, 60%), bitter almond oil and sweet almond oil were used in the present work. Both sweet and bitter almonds have similar chemical composition and contain 35-55% fixed oil. The only difference appears to be the presence of amygdalin (3-4%) in bitter almond and its absence or presence in trace amounts in sweet almonds. Other constituents reported to be present in sweet and/or bitter almonds include protein (18-25%); emulsin; prunasin (0.005% in bitter almond); daucosterol, and other sterols (e.g., sitosterol, citrostadienol, 24-methylene-cycloartanol); calcium oxalate; tocopherols (mostly α); trace amounts of vitamins A, B complex, and E; and amino acids, including glutamic acid, aspartic acid, and arginine. Essential oils used in the study were obtained from Chemical Industrial Development Company (CID), Egypt.
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Fungal isolation and pathogenicity
Crowns of banana cultivar "Williams" showing crown rot symptoms were collected from commercial markets located at previous stated governorates. The banana fruits were surface disinfected with 2% sodium hypochlorite for 3 min, then rinsed with tap water, and air-dried. The disinfected crowns were stored in the laboratory in separate moist chambers at room temperature (26-28 o C). The development of crown rot was visually examined for fungal appearance. Infected tissue segments were transferred onto potato dextrose agar (PDA) plates and incubated at 26-28 o C. Fungal colonies that appeared were sub-cultured and identified according to the key and description of Barnett & Hunter (1972) and Sutton (1980) .
The pathogenic ability of the isolated fungi was performed under laboratory conditions. Dehanded banana fruits were surface disinfected with 2% sodium hypochlorite for 3 min, rinsed with tap water, and air-dried, then inoculated individually with each isolated fungal species. Under aseptic conditions, banana crowns were artificially inoculated by applying 200 μLof a previously prepared conidial suspensions (10 6 per mL) of each tested fungal isolates on each freshly exposed crown tissue using a clean soft paint brush. Another set was treated with sterile distilled water and another untreated set served as controls. Three hands for each particular treatment were used. The inoculated banana fruits were kept in a moist chamber at room temperature for 7-10 days and then examined for singns of crown rot. The percentage of crown rot incidence was calculated as a number of infected fingers relative to the whole fingers in each banana hand.
In vitro screening of essential oils against growth and spores germination of F. semitectum
The inhibitory effect of cinnamon, thyme, bitter and sweet almond oils against growth and spores germination of F. semitectum,the main pathogen of banana crown rot disease, was evaluated under laboratory conditions. Emulsified stocks at high concentration of tested essential oils were prepared by dissolving in sterilized distilled water. A few drops of the emulsifier Tween 80 (Sigma Co.) were added to essential oil volumes. The tested concentrations were 0.125, 0.25, 0.50 and 1.0%. Different volumes of the essential oils emulsion were added to conical flasks containing 100 ml of sterilized PDA medium before its solidification to obtain the proposed concentrations. The supplemented media were poured into Petri-dishes (9 cm) about 20 ml each. PDA plates free of essential oils were also prepared as control. Five plates were used as replicates for each particular treatment as well as control. Discs (5 mm diameter) of cultures of F. semitectum were placed onto the centre of Petri dishes with PDA, incubated at 25+2 o C, until fungal growth in the control filled the whole Petri dish, then all treatments were examined. Reduction in mycelial growth was calculated relative to the growth in the control treatment. The percentage of mycelial inhibition was calculated by the following formula:
Mycelial inhibition (%) =_ dc-dt × 100_ dc Where: dc = mean colony diameter of control sets dt = mean colony diameter of treatment sets
The inhibitory effect of oils against conidial germination was performed. F. semitectum grown on PDA at 25±2 o C until abundant conidium production was evident. Conidia were harvested by scraping the surface of the colonies with a spatula, transferred to sterilized distilled water and filtered through nylon mesh. All spore solutions were adjusted with sterile water to give a spore concentration of 10 6 spores per milliliter. Aliquots of 100 µL of the fungal spore suspension were transferred to glass tubes (180 × 16 mm) containing 5 mL sterilized distilled water, then the tested essential oils emulsions were added individually to each tube to achieve the proposed concentration. All tubes were left for 6 h, then shaken using a magnetic stirrer for 5 min. One ml of each test tube was dispensed into Petri dish and about 20 ml of semi-solidifying sterilized PDA were poured into the inoculated plates and rotated gently to ensure equal distribution of the fungal inocula. Fungal cell suspension free from essential oils was used as control. The reduction of colony numbers in the oil treatments in percent to those in the control treatments was noted. All plates were incubated for 72 h and then examined. All treatments consisted of three replicates, and experiments were repeated three times.
In vivo efficacy of essential oils treatments against crown rot disease incidence and severity during storage
A bunch of mature unripe banana fruits was de-handed by cutting through the crown very close to the main stalk. Before treatments, banana bunches were de-handed using a clean, sharp knife. The banana hands were washed with running tap water and kept on a layer of 3-4 clean tissues in order to drain off the excess water, then surface sterilized with 0.1% sodium hypochlorite solution and again washed with distilled water then left for air-dried onto filter paper prior to use. Aliquots (200 μL) of each of cinnamon, thyme, bitter and sweet almond oils at concentrations of 1.0, 2.0 and 4.0% were applied individually onto the cut surface of the crown of 6 hands using a fine paint brush. One set treated with sterile distilled water and another untreated set served as controls. Thereafter, treated banana crowns were artificially inoculated by applying 200 μL of a previously prepared suspension (10 6 /mL) of F. semitectum conidia on each freshly exposed crown tissue using a clean soft paint brush. All sets of treated and untreated banana fruits were packed into cardboard boxes at the rate of1kg/box. The boxes of each treatment were placed into a mesh plastic basket (40 × 30 × 15 cm). Three boxes as replicates were used for each particular treatment as well as control. All baskets were stored at room conditions (temperatures of 20-23 0 C and relative humidity of 70-85%). The storage period was 14 days. The percentage of crown rot incidence was recorded at the end of the storage period. The development of crown rot symptoms (disease severity) was observed and the extent of disease was assessed in percent by using a scale based on the depth of the crown infected from the surface extended to the finger stalks (distance between the crown surface and the finger stalks). This experiment was repeated twice.
Organoleptic properties
At the table ripe stage, bananas were evaluated for their sensory properties of treated and control samples by trained taste panelists. A questionnaire was used to record the data and taste, odour, flavour and overall acceptability were evaluated by the taste panel using a scale of zero to 100 (1=0-25= Poor, 2=25-50= Fair, 3=50-75= Good and 4=75-100=Excellent) after Sarananda and Wijeratnam (1994) . Zero indicated off-taste, off-flavour, and the absence of banana characteristic and therefore non-acceptability and 100 indicated characteristic banana flavour, odour, taste and high acceptability.
Statistical analysis
Tukey test for multiple comparisons among means was utilized (Neler et al. 1985) .
Results and Discussion
Fungal isolation and pathogenicity Collected banana cultivar "Williams" showing crown rot symptoms from commercial markets revealed several fungal isolates.
The most frequently isolated fungi were Fusarium semitectum (74.6%) followed by Colletotrichum musae (22.1%), Lasiodiplodi atheobromae (21.4%), Nigrospora sphaerica (10.9%), Alternaria alternata (9.3%) and Rhizopusstolonifer (3.9%). Fusarium semitectumwas most frequently isolated from all locations, i.e. Giza, Qalubia, Menofyia and Beheira as a range between 75.5-80.0%. Colletotrichum musae was frequently isolated at Menofyia (40.5%). A lower frequency was recorded for samples collected from Giza governorate namely 33.3% for L. theobromae, 30.1% for N. sphaerica and 16.5 and 10.0% for A. alternata and Rh. stolonifer, respectively. Our findings conform to the reported causal fungi of banana crown rot disease in the 5 literature. Fusarium spp., including F. semitectum, C. musae and L. theobromae have been reported as primary causes of crown rot in many countries (Stover 1972 , Wallbridge & Pinegar 1975 , Griffee 1976 , Griffee & Burden 1976 , Wallbridge 1981 , Knight 1982 , Slabaugh & Grove 1982 , Finlay & Brown 1993 . Other fungi have been associated occasionally with crown rot disease (Meredith 1971 , Johanson & Blazquez 1992 . Other fungi such as Cephalosporium sp., Ceratocystis paradoxa and Musicillium theobromae that have been reported to play an important as causal agents of crown rot in other countries (Lukezic et al. 1967 , Wallbridge & Pinegar 1975 , Griffee 1976 , Shillingford 1977 , Wallbridge 1981 , Knight 1982 , Slabaugh & Grove 1982 , Finlay & Brown 1993 were not isolated during this study.
Furthermore, data in Table ( 1) reveal that the isolated fungus F. semitectum showed significant ability to induce crown rot disease incidence to banana cultivar "Williams" followed by C. musae under laboratory conditions. On the other hand, no crown rot disease symptoms were observed in banana fruits inoculated with L. theobromae, A. alternate, N. sphaerica, and Rh. stolonifer. Artificial inoculation of crowns with F. semitectum and C. musae produced typical crown rot symptoms in 93.3% crowns. This study suggests that F. semitectum could be the main pathogen causing crown rot in Egypt. Colletotrichum musaeis also an important pathogen as it alone produced crown rot at a frequency of 63.3%. In this concern, Fusariumsemitectumwas one of the most common species of Fusarium recovered from banana. Fusarium species have been isolated from lesions of banana fruits collected from markets in the USA and Italy (Vesonder et al. 1995) and were the most predominant species recovered from banana samples commercially available in Italy and Spain (Jimenez et al. 1993 ). In addition to banana fruit rot, F. semitectum also caused crown rot and fungal scald of banana (Jones and Slabaugh 1998) . Moreover, Indrakeerthi & Adikaram (2011) reported that crown rot symptoms were observed in all banana crowns artificially inoculated with a mixed suspension of conidia of F. semitectum, C. gloeosporioides and C. musae, at different frequencies within 3-6 days. Fruits had fully ripened on the 5th day. The average crown rot was 96.8% on the 8th day and the controls also had an average of 42.2% crown rot. F. semitectum, C. gloeosporioides and C. musae could be re-isolated from all artificially inoculated crowns at a frequency of 100%. In vitro screening of essential oils against growth and spores germination of F. semitectum
The effect of different concentrations of some essential oils on mycelial growth of F. semitectumand its spore germination was presented in Tables 2 and 3 . The inhibitory effect of tested essential oils on mycelial growth was higher than their effect on spore germination. Results presented in Table ( 2) indicated that, cinnamon and bitter almond oils show a highly significant reduction in the mycelial growth at the low concentration of 0.125% by 63.0 and 43.8%, respectively. This reduction increased gradually by increasing the concentration of the two essential oils to reach complete fungal growth inhibition at the concentration of 1.0%. Also, mycelial growth reduced by increasing the concentrations of the essential oils in the growth medium. At the highest concentration of 1.0%, thyme oils caused a reduction of 71.2% in mycelial growth, followed by 63.0% after sweet almond oil treatment. A similar trend in a lower extend was also observed for the tested essential oils at different concentrations in spore germination of F. semitectum (Table 3) . At the concentration of 0.125% Cinnamon and bitter almond oils show the highest reduction in spore germination recorded as 52.2 and 39.5% comparing withthyme and sweet almond which recorded as 28.4 and 20.1%, in respective order. Meanwhile, the highest reduction in the percentages of spore germination were recorded as 85.8, 78.2, 68.0 and 62.8 at the concentration of 1.0% of cinnamon, bitter almond, thyme and sweet almond, respectively.
Essential oils display a strong fungicidal activity against many fungi, which include some crown rot pathogens such as F. semitectumand C. musae. Similar results were also reported concerning the efficacy of essential oils as antifungal inhibitors. Akgul & Kivanc (1988) studied the antifungal activity of selected Turkish spices essential oils (black cumin, coriander, cumin, dill, laurel, oregano, parslely, spearmint, white mustard, oregano, thymol and carvacrol) on some food-borne fungi. They found that Of the spices tested, only oregano at 1.0, 1.5, 2.0% (w/v) levels showed effect on all fungi. Oregano essential oil, thymol or carvacrol at concentrations of 0.025% and 0.05% completely inhibited the growth of all tested fungi, Aspergillus flavus, A. niger, Geotricum candidum, Mucor spp. and Penicillium roqueforti. Also, El-Toony et al. (2003) studied the biochemical reaction of onion, garlic, eucalyptus, caraway, fennel, black cumin, mustard, carnation, neemix and trilogy essential oils against mycelial growth of Rhizoctonia solani and Pythium debaryanum in vitro. They found that complete inhibition of both fungi was obtained by only carnation oil at 4%, however, considerable inhibition (more than 90%) was obtained with neemix and trilogy oils. Furthermore, El-Mougy et al. (2007) reported that 4% of the tested essential oils of geranium, rose, lemon and mint had an inhibitory effect against the mycelial growth of R. solani and F. oxysporum f. sp. phaseoli under in vitro, causing complete inhibition in fungal growth. Recently, there has been considerable demand for the discovery of new natural antimicrobials 7 (Sagdic et al. 2003) . Plant products with antimicrobial properties have notably obtained attention as possible applicants in order to prevent bacterial and fungal growth (Lanciotti et al. 2004) . Plant products are characterized as having a wide range of volatile compounds. This means that essential oils could be used as alternative antibacterial and antifungal treatments (Jenny 2000) . It is evident from reviews by Karapinar (1985) and Nanir & Kadu (1987) that some plant extracts and essential oils exhibited antifungal properties. Kumar & Tripathi (1991) mentioned that extracts of Eupartorium cannabinum completely inhibited the mycelial growth of Pythium debaryanum, R. solani and Sclerotium rolfsii. Furthermore, Juglal et al. (2002) studied the effectiveness of nine essential oils to control the growth of mycotoxin producing moulds and noted that, clove, cinnamon and oregano oils were able to prevent the growth of Aspergillus parasiticus and F. moniliforme. Thyme oil proved to be extremely effective as a fumigant as well as a contact fungicide against a range of the economically significant fungi Alternaria spp., Aspergillus spp., Botrytis cinerea and Erysiphe graminis (Alefyah & Avice 1997) . In other work with bananas, Thangavelu et al. (2004) showed that extracts of Solanum torvum, Jatropha glandulifera and Emblica officinalis were highly inhibitory to mycelial growth of C. musaeand the inhibitory effect was directly related to the quantity of extract added to the medium. Also, Thymus vulgaris and Saturegahortensis essential oils had the highest effect on fungal growth with minimum inhibition concentrations of 200 and 400 ppm. These essential oils have high fungicidal effect to control fungal post-harvest diseases of citrus crops (Fatemi et al. 2011 ).
In vivo efficacy of essential oils treatments against crown rot disease incidence and severity during storage
After spraying with essential oils, mature bananas artificially inoculated with F. semitectum were stored for 21 days and then examined for crown rot incidence and severity. Results presented in Table ( 3) show that, both crown rot disease incidence and severity were reduced by increasing concentration of essential oils. At the concentration of 4.0% cinnamon and thyme oils caused a complete reduction (100.0%) of crown rot disease incidence of banana fruits, followed by sweet almond and bitter almond oils which reduced disease incidence by 87.1 and 78.7%, respectively. Thyme and sweet almond oils at the lowest concentration (1%) revealed crown rot incidence recorded as 13.3 and 26.0% comparing with high records of 40.0 and 40.8% of treated bananas with cinnamon and bitter almond, respectively. A similar trend was also observed concerning crown rot severity (Table 4) . Banana treated with cinnamon and thyme oils at high concentration of 4.0% caused 100% reduction in crown rot disease severity, while bitter and sweet almond oils caused a highly significant reduction of 86.7 and 97.4%, respectively, at the same concentration. The reduction in disease severity was 85.4, 83.4, 70.0 and 66.7% at the concentration of 2% of sweet almond, cinnamon, thyme and bitter almond, respectively. Essential oils of Cymbopogon nardus, Cymbopogon flexuosus and O. basilicum have been used to control postharvest diseases of banana while maintaining quality (Anthony et al. 2003) . Maqbool et al. (2010) reported that, different concentrations of cinnamon oil did not only delay the onset of anthracnose disease in Panama banana fruits but also maintained the freshness during first two weeks of storage and later on showed minimal symptoms. The highest fungicidal effect was observed in those bananas treated with 0.4% cinnamon oil, which revealed a disease incidence of 8.0% and disease severity of 1.0-1.2%. Cinnamon and clove oils have been previously used to control the postharvest fungal pathogens C. musae, L. theobromae and F. proliferatum in vitro, which were isolated from bananas, with minimum lethal concentrations of 0.08-0.11% (v/v) (Ranasinghe et al. 2002) . Moreover, essential oils of cinnamon and clove contain compounds such as cinnamaldehyde and eugenol, respectively, which have been successfully tested on fresh fruits such as mandarin, kiwi and rambutan to control post-harvest diseases caused by fungi (Arras 1988 , Thanassoulopoulos and Yanna 1997 , Sivakumar et al. 2002 . The mode by which microorganisms are inhibited by essential oils and their chemical compounds seem to involve different mechanisms. It has been hypothesized that the inhibition involves phenolic compounds, because these compounds sensitize 8 Table 4 In vivo banana crown rot disease incidence and severity and reduction (%) in response to fruit coating with different concentrations of some essential oils the phospholipid bilayer of the microbial cytoplasmic membrane causing increased permeability and unavailability of vital intracellular constituents (Juven et al. 1994) . Reports indicated that essential oils containing carvacrol, eugenol and thymol (phenolic compounds) had the highest antibacterial performances (Kim et al. 1995) .
Organoleptic properties
The sensory evaluation of organoleptic properties is shown in Table 5 , e.g. odour, flavour, taste and overall acceptability of oil-treated banana when stored at 20-23 0 C and relative humidity of 70-85%. Bananas treated with thyme oil showed lower significant organoleptic properties comparing with other applied essential oils as well as control. Meanwhile, the other essential oil treatments had no significant effect on any organoleptic properties of ripe stored bananas. The values obtained for odour, flavor, taste and overall acceptability were significantly lower for bananas treated with thyme oil when they were compared with other treatments. Bananas treated with cinnamon, bitter and sweet almond oils showed no significant differences compared with the control.
The other essential oil treatments had no significant effect on any organoleptic properties of ripe stored bananas. The mean values for odour, flavour, taste, and overall acceptability could be arranged in descending order as 88.6, 88.0, 87.3 and 74.1% for bananas treated with cinnamon, bitter almond, sweet almond and thyme oils, respectively compared to 92.8% in untreated control bananas. Similar results were reported by Abeywickrama et al. (2004) . The mean values for odour, flavour, taste, and overall acceptability could be arranged in descending order as 88.6, 88.0, 87.3 and 74.1% for bananas treated with cinnamon, bitter almond, sweet almond and thyme oils, respectively compared to 92.8% in untreated control bananas. Similar results were reported by Abeywickrama et al. (2004) . Acceptability was significantly lower for bananas treated with thyme oil when they were compared with other treatments. Bananas treated with cinnamon, bitter and sweet almond oils showed no significant differences compared with the control. The other essential oil treatments had no significant effect on any organoleptic properties of ripe stored bananas. The mean values for odour, flavour, taste, and overall acceptability could be arranged in descending order as 88.6, 88.0, 87.3 and 74.1% for bananas treated with cinnamon, bitter almond, sweet almond and thyme oils, respectively compared to 92.8% in untreated control bananas. Similar results were reported by Abeywickrama et al. (2004) . They stated that according to the organoleptic evaluations, no significant difference was observed between the treatments as observed by the panelists. Bananas treated with oil citral and sodium bicarbonate as well as bananas in controls were ranked good 50-75% to excellent 75-100% with respect to odour, flavour, taste and overall acceptability. They conclude that banana treated with compounds classified as "Generally Regarded As Safe" (GRAS) will be more acceptable to consumers than banana treated with citral and sodium bicarbonate as being used in many industries due to their food preservative action by controlling microorganisms. The low disease severity of crown rot during combined treatment of citral and sodium bicarbonate highlights the importance in adapting this simple, alternate treatment strategy. This finding is supported by previous similar research of organoleptic evaluation of embul banana treated with oils from O. basilicum and C. flexuosus (Anthony et al. 2003) . Goubran & Holmes (1993) stated that cinnamaldehyde, the major component of cinnamon bark oil, is considered as a generally safe compound and the mammalian toxicity observed for this compound was very low (ID50; 2200 mg/kg). In addition, volatile compounds from plants can inhibit the growth of fungal pathogens before evaporating without leaving any residue. Some of them are normal constituents of the human diet and are unlikely to be of any health risk (Hamilton-Kemp et al. 2000) .
Hence cinnamon, thyme, bitter and sweet almond oils treatment developed during the current study could be recommended commercially as a safe method for treating bananas to control crown rot disease. The need for such alternative control methods for plant diseases has become more important due to the development of pathogen resistance to the active ingredients of some conventional fungicides as well as increasing restrictions on the types and quantities of these fungicides permitted for use on fruits. Moreover, application of essential oils is an applicable, safe and cost-effective method for controlling such post-harvest diseases. Also, the use of essential oils in agriculture could be a suitable alternative for inclusion in disease control systems and could act sometimes as main or antimicrobial adjuvant without leaving a toxic residue in the product.
